Purpose The purpose of this study is to evaluate the role of regular postoperative surveillance to improve the prognosis of patients with breast cancer after curative surgery.
Introduction
Regular follow-up of patients after primary therapy for breast cancer is common practice. However, the best followup strategy for patients with breast cancer remains controversial. Statistically, within 5 years, approximately 30% of all patients treated with curative intent exhibit recurrence of disease [1] . Moreover, 60%-80% of all recurrences occur in the first 3 years of follow-up treatment [2] . For these reasons, many clinicians still have regular follow-up policies. Regular follow-up is considered to be effective if recurrences are detected at an early stage and also if the immediate treatment of recurrences offers a higher probability of cure or improved survival. Although regular follow-up is generally assumed to be beneficial, this hypothesis has not yet been proven by scientific evidence. Several retrospective studies have investigated the effects of extensive versus limited follow-up procedures; these studies have concluded that routine surveillance for the early detection of breast cancer does not improve the chances of survival [3] [4] [5] [6] . Only two randomized controlled trials have attempted to address the importance of follow-up frequency [7, 8] . However, these trials were insufficiently powered and were thus unable to provide clear answers regarding the relationship between follow-up frequency and survival. Therefore, we set out to identify the impact of regular postoperative surveillance on the survival of patients with early breast cancer. In contrast to many previous studies, our study also incorporated a large sample size and a long follow-up duration.
Materials and Methods

Study design and patients
A total of 4,119 patients who had received curative surgery for stage I-III invasive breast cancer between 2000 and 2008 were retrospectively reviewed from the breast cancer database of Samsung Medical Center (SMC). We excluded patients with stage IV disease at diagnosis, patients with carcinoma in situ, and patients who received neoadjuvant chemotherapy. After application of our exclusion criteria, a total of 3,770 patients were included in this study (Fig. 1) . Management of all patients was based on the National Comprehensive Cancer Network guidelines. To detect local or distant recurrence, clinical follow-up was carried out every 3-6 months for the first 5 years after primary therapy and annually thereafter. Clinical follow-up included historytaking; physical examinations; laboratory tests, including carcinoembryonic antigen, cancer antigen 15-3, complete blood counts, and liver function tests; chest radiography; mammography; breast and abdominopelvic ultrasonography; and bone scans. In addition, a computed tomography (CT) scan, a magnetic resonance imaging (MRI), or a fluorine-18 fluorodeoxyglucose positron emission tomography (FDG-PET)/CT scan was carried out if necessary.
Data collection
To obtain clinical data, the electronic medical records of all patients were reviewed. Clinical data gathered included patient characteristics and tumor subtype according to the status of immunohistochemistry (IHC) for estrogen receptor (ER), progesterone receptor (PgR), and human epidermal growth factor receptor type 2 (HER2). ER and PgR positivity were defined as Allred scores of 3-8 by IHC using anti-ER antibodies (Novocastra, Newcastle upon Tyne, UK) and antiPgR antibodies (Novocastra), respectively. HER2 status was evaluated using anti-HER2 antibodies (DAKO, Glostrup, Denmark) and/or fluorescence in situ hybridization (FISH). Grades 0 and 1 for HER2 by IHC were defined as negative; grade 3 was defined as positive. For patients classified as HER2 2+ by IHC, FISH was performed to confirm HER2 amplification. Triple negativity was defined as a lack of ER, PgR, and HER2 expression. To evaluate the effects of regular follow-up on survival, patients were divided into two groups according to their follow-up status. Patients in group I received regular follow-up for the first 5 years or until the first day of recurrence during the 5 years after curative surgery, whereas patients in group II did not receive regular follow-up.
Statistical analysis
Recurrence-free survival (RFS) was calculated as the time from the date of curative surgery to the first radiologic or clinical observation of disease recurrence. Recurrences were defined as locoregional evidence, contralateral recurrence, or distant metastasis. Seventy-five patients (16%) of group II revisited after recurrence of disease. In order to assess RFS of patients who had not followed-up since surgery in our institute, we defined RFS from date of curative surgery to the last visit day to our clinic (censored). Overall survival (OS) was defined as the time from curative surgery to death from any cause. A total of 3,770 patients were analyzed for OS using the survival data from the Office for National Statistics. Survival was estimated with Kaplan-Meier methodology and is expressed as a mean value with a range and a two-sided 95% confidence interval (CI). A two-sided log-rank test was used to compare survival between the two groups. Cox proportional hazards regression models were used to identify independent factors associated with RFS or OS. A forest plot was used to compare the overall hazard ratio with the hazard ratios obtained in the subgroups, defined on the basis of several potentially prognostic factors. p-values for interaction were obtained from a Cox regression analysis. All analysis was carried out using SPSS ver. 20.0 (IBM Co., Armonk, NY).
Results
Baseline patient characteristics
The general characteristics of the study population are summarized in Table 1 .
Among the 3,770 patients included in the study, 3,300 (87%) were classified in the regular follow-up group (group I) for the first 5 years. The remaining 470 patients were lost for follow-up after adjuvant treatments following surgery; these patients had all also been treated for metastatic breast cancer at SMC (group II). Compared with the patients in group II, the patients in group I were younger (48 years vs. 51 years, p=0.008), had a more favorable hormone status (ER and/or PgR positive, p=0.013), and had received more adjuvant therapy (adjuvant chemotherapy, p < 0.001; adjuvant radiotherapy, p < 0.001; adjuvant hormone therapy, p < 0.001). All other factors, including HER2 status, presence of triple negative breast cancer, type of surgery, pathologic type, nuclear grade, histologic grade, tumor size, nodal status, and pathologic stage were not significantly different between the two groups.
Survival outcomes
The median follow-up duration of the study was 7.1 years (range, 0 to 13.7 years). During the follow-up period of the 3,770 patients, recurrence occurred in 571 patients (15%): locoregional recurrence in 62 patients (11%), contralateral recurrence in 67 patients (12%), and distant metastasis in 442 patients (77%). Death occurred in 352 patients (9%). RFS at 5 years was 88%. It was particularly noteworthy that the rate of distant metastasis was significantly higher in group II compared with group I (93% vs. 75%, p=0.003).
The 5-year recurrence rates for groups I and II were 10.6% and 16.4%, respectively. No significant benefit in RFS was noted for group I over group II (hazard ratio, 0.85; 95% CI, 0.67 to 1.09; p=0.197) ( Fig. 2A) . On the other hand, the 10-year mortality cumulative rates (8.8% for group I and 25.4% for group II) revealed that regular follow-up provided a significant benefit to patient survival (hazard ratio, 0.28; 95% CI, 0.22 to 0.35; p < 0.001) (Fig. 2B) . Among the patients with recurrence, median OS was 11 months in group I and 4 months in group II (hazard ratio, 0.19; 95% CI, 0.14 to 0.25; p < 0.001) (Fig. 2C) . Clinical and pathological features such as age > 40 years, histologic grade I, pathologic stage I, and hormone receptor (HR) status (HR+/HER2-) were also associated with good prognosis for both RFS and OS (Appendices 1 and 2). Multivariate analysis revealed that patients in group I showed significantly better OS (hazard ratio, 0.29; 95% CI, 0.23 to 0.37; p < 0.001), which was associated with a 70% reduction in the risk of death; however, this clinical benefit did not translate into a benefit for RFS (hazard ratio, 0.88; 95% CI, 0.68 to 1.14; p=0.329). Instead, the risk of recurrence and death correlated with age, histologic grade, and pathologic stage. In contrast to the univariate analysis results, HR status (HR+/HER2-) was not an independent prognostic factor (Tables 2 and 3) .
Subgroup analysis of OS
We also investigated whether any patient subgroup reaped a greater benefit from regular follow-up. However, OS benefits seemed to be consistent across all clinical subgroups, irrespective of age, hormone status, pathologic type, histologic grade, and pathologic stage (Fig. 3) . 
Discussion
One of the important goals of surveillance is improvement of patient survival. However, the precise effect of early detection of curable recurrence on OS remains questionable, and controversy persists regarding the benefits of regular follow-up. This retrospective study shows that regular follow-up improves the OS of patients with breast cancer who received curative surgery.
Routine surveillance for the early detection of breast cancer recurrence has been suggested to not actually improve patient chances of survival [9] [10] [11] . One meta-analysis estimated that 40% of all isolated locoregional recurrences were diagnosed in asymptomatic patients during routine visits. Unfortunately, none of these studies have investigated the relationship between the survival benefit and the way in which the recurrence was diagnosed [12] . On the other hand, another recent meta-analysis demonstrated that early detection of recurrence by routine follow-up does improve the survival of patients with breast cancer [13] . A similar effect was seen in this study. The 10-year mortality cumulative rates were 8.8% for the regular follow-up group and 25.4% for the group whose patients had been lost for follow-up. Survival analysis using the Cox proportional hazards method suggested that survival is better when patients receive regular follow-up examinations (hazard ratio, 0.29; 95% CI, 0.23 to 0.37; p < 0.001).
Most previous reports have not been able to demonstrate the effectiveness of routine regular follow-up using a risk stratification model for recurrence. It is true that not all patients have the same risk of developing recurrence after primary treatment of breast cancer [14, 15] . We found that young age, a higher tumor stage, and a higher tumor grade were all independent risk factors for recurrence (p " 0.001). Consequently, regular surveillance of these groups of patients would likely be more effective, mainly due to the increased risk of recurrence in these groups. However, the overall benefit of regular follow-up was maintained across all subgroups.
Our study does have some limitations which restrict the conclusions that can be drawn from it. Firstly, our study was a retrospective single center cohort study. Thus, selection bias could be a confounding variable. Secondly, the patients in group II might have poor compliance; if so, comparing group I with group II may be an inappropriate way to evaluate the effect of regular surveillance on long-term outcomes after or during adjuvant endocrine treatment. For example, fewer patients in group II received adjuvant treatments than in group I, as shown in Table 1 . Thus, the worse outcome in group II compared with group I, in terms of OS, may be closely related to the number of patients receiving treatment 770 CANCER RESEARCH AND TREATMENT Cancer Res Treat. 2015;47(4):765-773 during the adjuvant systemic treatment period. Thirdly, no plausible explanation can describe the discrepancy between RFS and OS observed in this study (Fig. 2) . Crossed KaplanMeier survival curves in RFS may imply that late recurrence beyond 5 years does not correlate with long-term survival; however, this hypothesis needs to be better defined. Fourthly, this study could not analyze whether different frequencies of visits to clinic would be of particular value in survival outcomes. Lastly, our study could not evaluate the relationship between surveillance method and recurrence for patients with breast cancer following surgery. Nonetheless, we focused on survival according to regular follow-up status, rather than on survival according to symptom status at the time of recurrence. This is one strength of the present study, since it avoids a time bias (slow-growing tumors are preferentially detected early since they are detectable for a longer time). Additionally, we avoided leadtime bias by calculating survival as the interval from the curative surgery to death.
Our study was not able to verify whether stratified surveillance according to different risks of recurrence could improve long-term clinical outcomes. Several studies have concluded that early detection of local disease recurrence requires both clinical examination and mammography [16, 17] . However, no evidence has yet shown that intensive surveillance programs that include tumor marker assessments, bone scans, CT scans, MRI scans, FDG-PET/CT scans, or ultrasounds in asymptomatic patients confer any survival advantage [6, 18] . Thus, future prospective comparative studies on cost-effective strategies for the follow-up of patients after primary treatment are warranted.
Conclusion
Our findings indicate that regular surveillance may have a beneficial impact on survival for patients with breast cancer.
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